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 
Abstract— Due to the growing popularity of optical 
superchannels and software defined networking, 
reconfigurable optical add-drop multiplexer 
(ROADM) architectures for superchannel switching 
have recently attracted significant attention. 
ROADMs based on micro electro-mechanical system 
(MEMS) and liquid crystal-on-silicon (LCoS) 
technologies are predominantly used. Motivated by 
requirements for low power, high-speed, small area 
footprint and compact switching solutions, we 
propose and demonstrate spatial and wavelength 
flexible superchannel switching using monolithically 
integrated silicon photonics (SiP) micro-ring 
resonators (MRR). We demonstrate the MRRs 
capabilities and potential to be used as a 
fundamental building block in ROADMs. Unicast and 
multicast switching operation of an entire 
superchannel is demonstrated after transmission 
over 50 km of standard single mode fiber. The 
performance of each sub-channel from the 120 Gb/s 
QPSK Nyquist superchannel is analyzed and 
degradation in error vector magnitude performance 
was observed for outer sub-channels due to the 3-dB 
bandwidth of the MRRs, which is comparable with 
the superchannel bandwidth. However, all sub-
channels for all switching cases (unicast, multicast 
and bi-directional operation) exhibit performance far 
below the 7% FEC limit. The switching time of the SiP 
MRR chip is such that high capacity superchannel 
interconnects between users can be setup and 
reconfigured on the microsecond timescale. 
 
Index Terms—Photonic Integrated Circuit, Ring-
resonators, Reconfigurable Add-Drop Multiplexer 
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Wavelength Selected Switch (WSS). 
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I. INTRODUCTION 
ue to the continuing growth of residential, mobile, 
business and cloud traffic, metro networks are 
experiencing a significant transformation, resulting in 
metro traffic growing about two times faster than traffic 
going into the backbone by 2017 [1]. Moreover, a significant 
percentage of the metro network traffic will be terminated 
within the metro network itself, as traffic flows between 
data-centers and end-user’s premises for the delivery of 
cloud services go via metro networks instead of traversing 
through the backbone network [1]. Therefore, traffic 
exchange between metro networks on one side, and data 
centers and access networks on the other, will experience 
massive growth over the coming decade. The estimated 
traffic growth in conjunction with the requirements for 
flexible traffic management will require scaling of metro 
network nodes [2-4]. Scaling must occur on multiple levels 
in order to support increased total capacity of metro 
networks, while enabling a higher degree of flexibility and 
reconfigurability with fast reconfiguration times [2-5]. 
Optical superchannels are a proven technique for 
increasing the total capacity of optical systems by enabling 
efficient utilization of the available spectrum [6-9]. 
Proposed superchannel architectures in core, metro and 
access networks [6,10,11] have motivated research on the 
implementation of superchannel spatial switching using 
wavelength selective switches (WSS), which are the main 
building blocks of reconfigurable add-drop multiplexer 
(ROADM) nodes [12-15]. Whilst various underlying 
technologies for WSSs have been proposed, such as 
interferometric spatial switching [16] and spatial beam 
splitting [17], switching architectures based on micro 
electro-mechanical system (MEMS) and liquid crystal-on- 
silicon (LCoS) are the most mature, and currently available 
commercial WSS devices are based on those technologies 
[18-21]. Most WSSs are based on free-space optics, such as 
the case with MEMS and LCoS based WSSs, mainly due to 
flexibility in filtering bandwidth and the high degree of 
parallelism of free-space optics [22]. Furthermore, flexible 
optical signal processing can be achieved in free-space 
optics by using spatial light modulators [22]. Nevertheless, 
the three-dimensional structure of free-space optics is not 
suitable for realizing small size devices via integration. 
Also, the switching times of free space optics based WSSs is 
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in the order of milliseconds, which makes them efficient 
only for large and steady traffic flows [23].  
Integrated silicon photonics (SiP) based WSSs are an 
attractive alternative for realizing high-speed optical 
switches with small area footprint, low power consumption 
and the potential for reduced fabrication costs at large 
scales [23-26]. Recently, a two-dimensional silicon 
integrated MEMS device with switching times in the order 
of microseconds has been proposed [27]. However, a 
drawback of MEMS-based switches is that they typically 
require large driving voltages [23]. Two other popular 
structures for optical switching elements are micro-ring 
resonators (MRR) [23] and Mach-Zehnder (MZ) 
interferometers [24]. Although MZ based switches do not 
require wavelength tuning like MRR switches [24], the 
advantage of MRR over MZ switches, in terms of power 
consumption, has previously been demonstrated [23]. The 
WDM switching capabilities have been demonstrated for 
MRR based switch fabrics for several modulation formats 
intended for data-center applications [28,29]. However, due 
to the increasing popularity of superchannel architectures, 
it is necessary to investigate switching performance of MRR 
based WSSs in a superchannel based optical system.   
 In this paper, we demonstrate for the first time to the 
best of our knowledge, superchannel spatial and 
wavelength switching using monolithic SiP MRRs. A 
programmable SiP chip, based on eight cascaded MRRs is 
employed to perform reconfigurable wavelength routing 
(unicast switching), as well as optical multicasting. The 
MRR switch is operational over the entire C-band, which is 
demonstrated by investigating the superchannel switching 
performance at three different center wavelengths across 
the band. The 120 Gb/s superchannel consists of six 20 Gb/s 
QPSK Nyquist filtered sub-channels. The switching 
functionality is demonstrated after transmission over 50 km 
of standard single-mode fiber (SSMF). We also demonstrate 
bi-directional operation of the MRR switch.  The rest of this 
paper is organized in four sections. Section 2 presents the 
proposed SiP MRR chip and envisioned metro ROADM node 
architecture. Section 3 steps through the experimental 
setup, whilst Section 4 presents experimental results. 
Finally, conclusions are drawn in Section 5. 
II. PROGRAMMABLE SILICON PHOTONIC CHIP  
The SiP chip used for this work consists of eight cascaded 
MRRs, with one input port and eight output ports as 
depicted in Fig. 1. This configuration acts as a 
reconfigurable 1×8 spatial switch, as each MRR exhibits 
wavelength selectivity by virtue of the fact that their 
passbands may be thermally tuned in order to drop an 
incoming wavelength at a desired port. Additionally, the 
MRR switch may operate in a multicast regime when 
passbands are tuned to overlap so that the same incoming 
wavelength is dropped at multiple ports. This operation is 
provided by the spectral Lorentzian response of each MRR 
[30], whose alignment enables ideally equal power 
distribution of the optical signal among the desired output 
ports. However, due to the imperfections in optical fiber 
coupling into the SiP chip, the power of the optical signal 
among the desired output ports may vary by a few dB. The 
switching time of the SiP MRR chip is such that unicast and 
multicast functionality can be setup and reconfigured on the 
microsecond timescale [23].  
.
 
Fig. 1. Block diagram of the SiP MRR device. FPGA is used to reconfigure 
the SiP device to switch the data to any of the eight ports for unicast and 
multicast operation. 
 
The MRR switch is operational over the entire C-band. 
The operational principle of the MRRs is based on the 
thermo-optic effect [31]. The measured thermo-optic 
response of each individual ring is stored in the control 
plane and utilized for the effective tuning of the rings’ 
passbands. Fig. 2(a) shows normalized wavelength shift as 
a function of increased bias voltage. The rings are designed 
such that their center frequencies are separated by 1.27 nm 
(~ 160 GHz) with an FSR of 13 nm, as shown in Fig. 2(b). 
An increase in the supplied voltage to the heater causes a 
change in the effective index of the optical mode via an 
increase in the local temperature of the ring, allowing the 
resonance of the rings to shift to higher wavelengths. A 
continuous and accurate relationship between the supplied 
bias voltage and the frequency response of the MRR chip is 
enabled by polynomial fitting (2nd order) of the measured 
results. The fitted results are used together with the MRRs’ 
Lorentzian resonant response and zero bias resonances to 
develop dynamic models to perform any type of switching 
operation [32]. 
The detailed description of the control plane and software 
implementation is given in [32]. The switching algorithm 
used to configure the SiP chip for all possible switching 
cases is described in details in [32]. The switching 
algorithm is implemented in Python programming language 
and post calculation commands are sent to an Altera FPGA 
that controls the SiP MRR device. The algorithm takes two 
arguments. The first is wavelength of the input channel, 
and the second argument is a binary array indicating where 
to route the signal. For instance, a binary array given as [0, 
0, 1, 0, 0, 0, 0, 0] would route the input signal to output port 
3, whilst an array [0, 0, 0, 0, 1, 1, 1, 0] would initiate 
multicast operation on output ports 5, 6 and 7. The software 
calculates in a power efficient manner the required 
wavelength shifts for the MRR array to perform the 
required switching task [32]. The calculated wavelength 
shifts are converted to the corresponding bias voltages and 
sent to the control FPGA of the SiP device. The FPGA board 
is connected to digital-to-analog converters (DAC) to provide 
voltages required for thermal tuning of the MMRs in order 
to achieve the desired functionality – unicast or multicast. 
The pre-determined signals from the DACs are amplified 
and buffered to allow a tuning range over the C-band. Due 
to the symmetrical spectra of the MRRs it is possible to 
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Fig. 2. (a) Measured thermo-optic response of the heater-ring system of the eight rings. (b) Measured response profile of the MRR at drop port 1 (Resolution 
bandwidth 1.44 pm). The inset shows the measured 3-dB bandwidth of drop port 1 at 1553.5 nm. 
 
 
 
drop the required amount of optical power from either side 
of the Lorentzian response. To optimize the tuning power 
consumption of the MRR array the software automatically 
selects the closest tuning option [32]. The control plane was 
designed to automatically enable wavelength selection 
using only desired passband. The automatic selection of a 
desired passband is enabled by calculating required bias 
voltages for the specified wavelength (resonance) and by 
detuning undesired resonances to ensure maximized power 
drop for unicast operation and uniform power distribution 
among channels for multicast transmission [32]. 
 The MRRs are designed each with a varying diameter 
around 14 µm, enabling different wavelengths of operation 
when no voltage is applied [30, 32]. As shown in Fig. 2(b), 
the 3-dB bandwidth of MRRs is estimated to be in the range 
76-86 GHz, for wavelengths covering the C-band. Several 
parameters in the physical design of the MRRs can affect 
the 3-dB bandwidth variation of each ring, including ring 
circumference imperfections and wavelength dependence of 
the effective refractive index [33]. However, the coupling 
coefficient is the dominant factor causing 3-dB bandwidth 
variation in a range of a few GHz [33], which can be 
justified by the gap of around 100 nm between the ring and 
the main waveguide. The MRR chip has been designed with 
large gaps between rings in order to prevent thermal 
crosstalk between rings. It is experimentally verified that 
increased bias on one or several rings does not affect the 
spectral response of the neighboring rings. The MRR chip 
does not have a hitless function [34]. Due to fiber grating 
alignment issues, the chip exhibits ~20 dB of loss. However, 
it was shown that in the case of effective fiber coupling, it 
would be possible to achieve significantly lower losses in the 
SiP MRR chip [35]. The tuning efficiency of the MRR device 
is 0.266 nm/mW [32]. Therefore, the energy consumption 
required for reconfiguration of the silicon photonic device 
for all possible wavelength operations and output ports 
combinations for unicast and multicast functions is 
estimated to be from 1.25 to 96.8 fJ/bit, depending on 
switching operation [32]. 
 
A. Envisioned Metro ROADM Node Architecture 
In light of increased cloud traffic between data centers 
and end users, it has been proposed that future metro 
ROADM nodes should provide multicast functionality along 
with unicast traffic switching to resolve wavelength 
contention [2,36]. The majority of the currently 
implemented ROADM nodes suffer from lack of the 
flexibility in reconfiguring wavelength paths based on user’s 
requirements. Colorless and directionless (CD) and 
colorless, directionless and contentionless (CDC) ROADMs 
allow flexible wavelength reassignment at the expense of 
higher node complexity and cost [37,38]. 
WSS modules within the current CD and CDC ROADMs 
are based on MEMS and LCoS technology, providing 
bandwidth flexibility, generation of arbitrary passband 
profiles and high number of add-drop ports. However, the 
bulky structure, high power consumption and millisecond 
switching times of standard WSSs could be improved by the 
utilization of SiP MRR switching fabric. Figure 3 illustrates 
the envisioned structure and functionality of a metro 
ROADM node where 1xN SiP switching fabric is used as 
1xN WSS, capable of performing unicast and multicast 
switching operation. The illustrated metro ROADM node 
provides colorless, directionless and contentionless 
functionality [37-39], which is enabled by the MRR’s 
inherent characteristics such as wavelength flexibility and 
bi-directionality. Bi-directionality provides the opportunity 
of using the same switching fabric for all traffic directions, 
which potentially reduces fabrication costs at large scales. 
Compared to the standard CDC ROADMs where multicast 
functionality is provided only at multicast MxN add-drop 
switches [37,38], in the case of SiP based ROADM multicast 
functionality is available at each 1xN switch and at MxN 
add-drop switch aswell. Moreover, as some vendors consider 
superchannels as a single unit of capacity seen by the 
services that use it, spatial switching of an entire 
superchannel would be required [40,41]. The switching 
matrix elements would be based on MRR switching fabric 
as well, as illustrated in Fig. 3 [23,39,42,43]. Even though 
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Fig. 3. Envisioned metro network CDC ROADM node architecture with 
unicast and multicast operation based on MRR switches. MCS – 
Multicast Switch. 
 
Fig. 4. Schematic of the experimental setup. Gain-Switched Comb Source (GSCS); Waveshaper (WS); Polarization Controller (PC); Arbitrary Waveform 
Generator (AWG); IQ Mach Zehnder Modulator (IQ-MZM); Data Amplifier (Data Amp); Erbium Doped Fiber Amplifier (EDFA); Variable Optical 
Attenuator (VOA); Local Oscillator (LO); Real Time Oscilloscope (RTO), Field Programmable Gate Array (FPGA). 
 
MRR based WSS cannot provide arbitrary passbands such 
as LCoS based switches and select a number of independent 
wavelengths on the same port, the switching matrix would 
route the desired independent wavelengths from different 
output ports to a selected WSS input port [39]. It should be 
noted that for the practical implementation of an MRR 
based ROADM, further performance improvement is 
required in terms of loss reduction [23,32], polarization 
insensitivity [39], bandwidth flexibility [33], thermal 
stabilization [44] and the design of the MxN MRR switch 
[39]. Therefore, further research is required for the MRRs to 
reach the specifications achieved by the current WSS. A full 
flexibility in customizing the number of sub-channels and 
total superchannel bandwidth would be possible with 
bandwidth-tunable MRRs [33]. Furthermore, for certain 
applications where superchannels consist of a high number 
of high-bandwidth sub-channels, superchannel sub-band 
filtering would be required as well, which necessitates MRR 
switches with a sharper roll-off factor - potentially 
facilitated by higher-order MRR switches [12,39].  
III. EXPERIMENTAL CONFIGURATION 
The experimental setup of the proposed system for 
superchannel switching using MRRs is shown in Fig. 4. At 
the transmitter side, we use a tunable gain-switched optical 
comb source for the wavelength-flexible superchannel 
generation. The detailed configuration of the tunable comb 
source, which is based on an injection-locked gain-switched 
Fabry-Perot laser diode (FP-LD) is presented in [45]. A 
tunable laser with an optical output power of 9-12 dBm and 
<100 kHz estimated linewidth acts as the master and 
injects light into the slave FP-LD via a circulator. The 
wavelength of the master is tuned to match one of the 
longitudinal modes of the FP-LD, which enables injection 
locking on a particular longitudinal mode of the FP laser, so 
the other modes are suppressed and single-mode operation 
of the FP laser is achieved at the selected wavelength. The 
FP-LD is then gain-switched with the aid of a 12.5 GHz RF 
sinusoidal signal for the generation of an optical comb. The 
optical comb source was set at three different wavelengths 
of 1539 nm, 1552 nm and 1563 nm in order to test the 
superchannel switching system. At each operating 
wavelength, six comb lines within a 3-5 dB flatness window, 
and frequency spaced by 12.5 GHz are generated. These 
comb lines are selected with the aid of a waveshaper (WS), 
prior to being amplified with an Erbium doped fiber 
amplifier (EDFA). The filtered comb tones are modulated by 
a single complex Mach-Zehnder modulator (IQ-MZM). The 
IQ-MZM is modulated with an amplified 10 GBaud Nyquist 
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Fig. 5. a) Optical spectrum of externally injected GSCS with 12.5 GHz FSR (RBW=1.44 pm) at 1539 nm central wavelength; (b) Optical  spectrum of 1539 
nm superchannel before and after MRR switch (RBW=1.44 pm); (c) Measured EVM for each ring and each sub-channel for unicast switching, after 
transmission over 50 km of SSMF. Inset shows a measured constellation diagram. Fig. 5. (d-i) show the same results as (a-c), but for the superchannels at 
1552 nm and 1563 nm, respectively. 
QPSK signal waveform derived from an arbitrary waveform 
generator (AWG, Keysight M8195A) operating at 60 GSa/s. 
A digital root raised cosine filter with a roll-off factor of 
0.1% is applied to the QPSK signal. Therefore, the 
bandwidth of the optical Nyquist QPSK signal is ~10 GHz. 
The total bandwidth of the superchannel is ~85 GHz. The 
sub-channels of the superchannel signal are de-correlated 
using an odd and even configuration with the WSS and 10 
m SSMF patchcord in one branch. The de-correlated signal 
is then transmitted over 50 km of SSMF.  
After transmission over 50 km SSMF the signal is first 
amplified with an EDFA and then directed to the SiP MRR 
chip. The amplification stage in this case is used because of 
the loss exhibited by the chip due to the fiber grating 
alignment issues. An FPGA is used to control the switching 
operation of the MRRs, and tune one (unicast) or more 
(multicast) rings to drop the incoming superchannel. At the 
receiver side, the phase diversity coherent receiver is used 
to perform coherent detection. The optical local oscillator 
(LO) is provided by an ECL that has 13 dBm output power 
and <80 kHz optical linewidth. The LO is tuned to each of 
the 6 sub-channels from a superchannel for selection and 
detection. The LO at the coherent receiver negates the need 
for an optical filter to select out desired channel. The 
received signal is captured with a real time oscilloscope 
(RTO, Tektronix MSO71254C) operating at 50 GSa/s. 
Digital processing of the received signal (timing deskew, 
resampling, adaptive equalization, matched filtering, 
frequency offset compensation, carrier phase recovery and 
phase tracking), and error vector magnitude (EVM) 
calculations, are performed offline using Matlab. 
IV. RESULTS AND DISCUSSION 
The obtained experimental results for MRR unicast 
operation are shown in Fig. 5, where the superchannel is 
switched to one of the eight output ports of the MRR and 
the EVM is estimated for each sub-channel. Figures 5(a)-(c) 
show the results for the superchannel switching at 1539 nm 
wavelength, whilst Fig. 5(d)-(f) and Fig. 5(g)-(i) show results 
for the superchannel switching at 1552 nm and 1563 nm 
wavelength respectively.  
The optical spectra of the externally injected GSCS at 
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Fig. 6. (a) Measured EVM performance for multicast switching for each ring and sub-channel operating at three different wavelengths. (b) Measured EVM 
performance for bi-directional unicast switching at 1552 nm. 
1539 nm, 1552 nm and 1563 nm are shown in Fig. 5(a), 5(d) 
and 5(g) respectively. The six comb tones within a flatness 
of 3-5 dB are selected and used for superchannel 
generation, as illustrated in Fig. 5(b), 5(e) and 5(h). The 
corresponding optical carrier-to-noise ratio (OCNR), 
measured prior to amplification at the transmitter (see Fig. 
4), for all comb lines used for the data transmission 
experiments is found to be greater than 49 dB (RBW=1.44 
pm) at 1539 nm, 52 dB at 1552 nm and 50 dB at 1563 nm.  
Figure 5(b) illustrates the superchannel optical spectra at 
1539 nm before and after the MRR switch. Channel 
performance is determined using EVM measurements for a 
total received optical power (received power of the entire 
superchannel) of ~ -25 dBm, and results obtained for the 
1539 nm superchannel are given in Fig. 5(c). After 
transmission over 50 km of SSMF and passing through the 
MRR, all channels exhibit performance far below the 7% 
FEC limit (EVM=38% corresponding to BER=310-3 [46]). 
Due to the MRRs 3–dB bandwidth in the range of 80-85 
GHz at the 1539 nm wavelength and superchannel 
bandwidth of 85 GHz, performance degradation of the outer 
channels occurs as shown in Fig. 5(c). The effect of 
attenuation of the outer channels due to the bandwidth 
constrains is visible in Fig. 5 (b), where the passband of 
Ring 1 of the MRR device is slightly detuned towards lower 
wavelengths from the central wavelength. This causes sub-
channel 1 (black squares in Fig. 5(c)) to exhibit slight 
degradation compared to the case when the MRR is not 
used, whilst sub-channel 6 has higher degradation 
compared to the case when the MRR is not used. However, 
if the detuning is towards higher wavelengths, as shown in 
Fig. 5(b); such as is the case for Ring 5, sub-channel 1 (pink 
triangles in Fig. 5(c)) will exhibit a penalty in performance 
while sub-channel 6 will perform similarly to the case when 
the MRR is not used. The measured constellation diagram 
for sub-channel 3 at Ring 1 is shown as an inset in Fig. 5(c). 
 All sub-channels within 1552 nm superchannel exhibit 
performance below the 7% FEC limit, as shown in Fig. 5(f). 
The performance is measured after transmission over 
50 km of SSMF, and then passing through the SiP MRR 
which is tuned to the correct wavelength. However, due to 
the slightly lower bandwidth of some rings at the 1552 nm 
wavelength, performance degradation of outer sub-channels 
occurs. The measured 3-dB bandwidth at 1552 nm 
wavelength for all MRRs is in range 76-85 GHz, so sub-
channels 1 and 2, as well as 5 and 6 exhibit performance 
degradation which is higher than in the case of the 1539 nm 
superchannel. This effect is visible in Fig. 5 (e) and (f). The 
measured constellation diagram for sub-channel 5 at Ring 4 
is shown as an inset in Fig. 5(f). 
In accordance with the previous results, after 
transmission over 50 km of SSMF and passing through the 
MRR, satisfactory performance was achieved on all sub-
channels at 1563 nm. Due to the MRRs 3–dB bandwidth in 
the range ~82-86 GHz at the 1563 nm wavelength, 
performance degradation of outer sub-channels is lower 
compared to the previous case. The measured constellation 
diagram for sub-channel 5 at Ring 1 is shown as an inset in 
Fig. 5(i). 
The results obtained for multicast operation are given in 
Fig. 6(a). Multicast functionality with the SiP chip is 
implemented by simultaneous thermal tuning of the 
passbands of up to three rings to overlap such that, ideally, 
equal power was dropped from each port. However, due to 
the non-ideal response of the MRR to the applied voltages, 
the dropped powers at different ports may vary by 1-2 dB.  
As the optical signal is now split into three paths rather 
than one, the output power from each ring drops by at least 
4.8 dB. Nevertheless, the received power was sufficient to 
perform measurements at -25 dBm, similar to the unicast 
case. Multicast operation is demonstrated for rings 1 to 3 at 
1539 nm, rings 4 and 5 at 1552 nm and rings 6 to 8 at 1563 
nm. Although sub-channels 1 and 6 exhibit higher 
degradation compared to unicast switching case, all sub-
channels demonstrate satisfactory performance - below the 
7% FEC limit. The performance difference compared to the 
unicast switching is caused by a slight 3-dB bandwidth 
reduction of MRR passbands when multiple rings are tuned 
simultaneously, due to the coupling effects between the 
main waveguide and drop rings. 
The potential for bi-directional operation of the MRR is 
confirmed by passing the superchannel signal after 
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transmission through 50 km of fiber to one of the 8 output 
ports of the MRR switch (which serves as an input port in 
this case). The superchannel signal is detected at the ‘input’ 
port (which serves as an output port in this case). The 
performance of the bi-directional unicast operation at 1552 
nm is shown in Fig. 6(b). As similar performance to the 
unicast switching (see Fig. 5(f)) of the superchannel at 
different rings was obtained, the possibility of bi-directional 
operation of the MRR chip is demonstrated. 
V. CONCLUSION 
Due to the rapidly growing traffic in metro networks 
caused by the increase in cloud services, metro rings are 
experiencing a significant transformation which will require 
significant scaling of metro network nodes. Future metro 
ROADM nodes should support increased total capacity of 
metro networks, enable a higher degree of flexibility and 
reconfigurability and provide faster reconfiguration times. 
In this paper we investigate, for the first time, the 
possibility of utilizing monolithically integrated silicon 
photonic micro-ring resonators for spatial and wavelength 
switching of entire superchannels. A programmable SiP 
chip, based on eight cascaded MRRs, is employed to perform 
reconfigurable wavelength routing (unicast switching), as 
well as optical multicasting. The MRR switch is operational 
over the entire C-band, which is demonstrated by 
investigating the entire superchannel switching 
performance at three different wavelengths. The 120 Gb/s 
superchannel consists of six 20 Gb/s QPSK Nyquist filtered 
sub-channels. The switching functionality is demonstrated 
and analyzed after transmission over 50 km of SSMF. As 
the 3-dB bandwidth of the MRRs is in the range 76-86 GHz, 
and the superchannel bandwidth is 85 GHz, outer sub-
channels within the superchannel exhibit performance 
degradation compared to the middle sub-channels of the 
superchannel signal. However, all sub-channels exhibit 
satisfactory EVM performance which is measured to be far 
below 7% FEC limit after transmission over 50 km of SSMF 
and switching via the MRRs. To avoid degradation of outer 
sub-channels, it is possible to design MRRs with larger 3-dB 
bandwidth. We also demonstrate bi-directional operation of 
the MRR switch which demonstrates the opportunity of 
using the same switching fabric for all traffic directions, 
which potentially could reduce fabrication costs of Si MRR 
based ROADMs. Advances in silicon photonics will lead to 
improvements in terms of loss reduction, bandwidth 
flexibility and integration of an MxN MRR matrix, adding 
to its suitability for inclusion in future metro ROADM 
nodes by providing a high degree of flexibility and 
programmability. Furthermore, the design of higher order 
MRRs would increase networking granularity by enabling 
sharper passband profiles – facilitating MRR’s intra-
superchannel filtering. 
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